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FTT^R ATF OM SYSTEMS AND METHODS 



The invention relates to filtration systems and methods. 



A known filtration system has a continuous flowpath for circulation of fluid around 
the flowpath. Fluid circulating around the flowpath is filtered so that fluid leaves the 
flowpath on filtration. The system includes a reservoir from which unfiltered fluid is 
passed to the continuous flowpath in response to the filtration of fluid circulating 
around the continuous flowpath. When the reservoir empties, circulation around the 
continuous flowpath ceases as fluid lost through filtration cannot be replaced. 

A significant amount of unfiltered fluid may remain in the continuous flowpath when 
circulation ceases. It is often desirable to filter at least part of this remaining fluid so 
as to maximize the yield of filtered fluid. 

According to a first aspect of the invention there is provided a filtration system 
comprising, a first continuous flowpath for circulation of fluid therearound, a second 
continuous flowpath for circulation of fluid therearound after said circulation around 
said first continuous flowpath, a portion of the first continuous flowpath not being 
included in the second continuous flowpath and the second continuous flowpath 
having a lower volume than the first continuous flowpath, fluid circulating around 
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each continuous flowpath being filtered so that fluid leaves said each continuous 
flowpath on filtration, means for passing fluid to the first continuous flowpath in 
response to said filtration of fluid circulating around the first continuous flowpath, and 
means fpr passing fluid to the second continuous flowpath from the portion in 
response to said filtration of fluid circulating around the second continuous flowpath. 

According to a second aspect of the invention, there is provided a filtration system 
comprising a plurality of filters, each filter defining a respective filter flowpath 
extending adjacent a respective filtration medium for tangential filtration by the 
filtration medium of fluid passing through the filter flowpath, and a manifold 
connected to each filter, the system being selectively operable in a first state in which 
the manifold and the filter flowpaths form part of a first continuous flowpath around 
which fluid circulates passing in parallel through the filter flowpaths and a second 
state in which fluid circulates around a second continuous flowpath including the filter 
flowpath of at least one but not all of the filters, the second continuous flowpath 
having a lower volume than the first continuous flowpath and fluid passing into the 
second continuous flowpath from the manifold responsive to tangential filtration in 
the second state. 

According to a third aspect of the invention, there is provided a filtration system 
comprising a plurality of filters, each filter defining a respective filter flowpath 
extending adjacent a respective filtration medium for tangential filtration by the filter 
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medium of fluid passing through the filter flowpath, and a manifold connected to each 
filter for circulation of fluid through the manifold and through, in parallel, the filter 
flowpaths, the system being selectively operable to pass fluid from the manifold to at 
least one but not all of the filters. 

According to a fourth aspect of the invention there is provided a filtration system 
comprising a plurality of filters, each filter defining a respective filter flowpath 
extending adjacent a respective filtration medium for tangential filtration by the 
filtration medium of fluid passing through the filter flowpath, and a manifold 
connected to each filter, the system being selectively operable in a first state in which 
the manifold and the filter flowpaths form part of a first continuous flowpath around 
which fluid circulates passing in parallel through the filter flowpaths and a second 
state in which fluid flows in a second flowpath including at least a portion of the filter 
flowpath of at least one of the filters, the second flowpath having a lower volume than 
the first continuous flowpath. 

According to a fifth aspect of the invention there is provided a filtration method 
comprising the steps of, circulating fluid around a first continuous flowpath, fluid 
circulating around the first continuous flowpath being filtered so that fluid leaves the 
first continuous flowpath on filtration, passing fluid to the first continuous flowpath 
in response to said filtration of fluid circulating around the first continuous flowpath, 
circulating fluid around a second continuous flowpath having a lower volume than the 
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first continuous flowpath, a portion of the first continuous flowpath not being included 
in the second continuous flowpath, fluid circulating around the second continuous 
flowpath being filtered so that fluid leaves the second continuous flowpath on 
filtration, passing fluid to the second continuous flowpath from the portion in 
response to said filtration of fluid circulating around the second continuous flowpath. 

According to a sixth aspect of the invention there is provided a filtration method 
comprising the steps of providing a plurality of filters, each filter defining a 
respective filter flowpath extending adjacent a respective filtration medium for 
tangential filtration by the filtration medium of fluid passing through the filter 
flowpath, and a manifold connected to each filter, circulating fluid around a first 
continuous flowpath formed partly by the manifold and the filter flowpaths, the fluid 
passing in parallel through the filter flowpaths; and circulating fluid around a second 
continuous flowpath including the filter flowpath of at least one but not all of the 
filters; the second continuous flowpath having a lower volume than the first 
continuous flowpath and fluid passing into the second continuous flowpath from the 
manifold in response to tangential filtration by said at least one filter. 

According to a seventh aspect of the invention there is provided a filtration method 
comprising the steps of; providing a plurality of filters, each filter defining a 
respective filter flowpath extending adjacent a respective filtration medium for 
tangential filtration by the filter medium of fluid passing through the filter flowpath, 
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and a manifold connected to each filter; circulating fluid through the manifold and 
through, in parallel, the filter flowpaths; and passing fluid from the manifold to at least 
one but not all of the filters. 

According to an eighth aspect of the invention there is provided a filtration method 
comprising the steps of; providing a plurality of filters, each filter defining a 
respective filter flowpath extending adjacent a respective filtration medium for 
tangential filtration by the filtration medium of fluid passing through the filter 
flowpath, and a manifold connected to each filter, circulating fluid around a first 
continuous flowpath formed partly by the manifold and the filter flowpaths; the fluid 
passing in parallel through the filter flowpaths; flowing fluid in a second flowpath 
including at least a portion of the filter flowpath of at least one of the filters; the 
second flowpath having a lower volume than the first continuous flowpath. 

The following is a more detailed description, by way of example, of embodiments of 
the invention, reference being made the appended drawings, in which: 

Figure 1 is a schematic representation of a first filtration system; 



Figure 2 is a schematic representation of a filter of the first filtration system of Figure 
1; and 



( *. 

WO 00/18497 PCT/EP99/06424 

6 

Figure 3 is a schematic representation of a second filtration system. 

As shown in Figure 1, the first filtration system includes a tank 10 for unfiltered 
liquid, a tank 12 for filtered liquid and four filters 14,16,18,20. 

The filters 14,16,18,20 are identical and only one filter 14 will be described in detail. 
As shown in Figures 1 and 2, the filter 14 has an outer cylindrical casing 22 that 
contains a cylindrical filter medium 24. Each end of the cylindrical filter medium 24 
is sealed to a respective end of the cylindrical casing 22. 

A liquid inlet 26 is provided in one end of the cylindrical casing 22 and communicates 
with the interior of the filter medium 24. A liquid outlet 28 is provided in the other 
end of the cylindrical casing 22 and also communicates with the interior of the filter 
medium 24. Two further liquid outlets 30 (an upper and a lower outlet) are provided 
in the circumferential surface of the cylindrical casing 22 and communicate with an 
annular space 3 1 within the casing 22 that lies radially outwardly of the filter medium 
24. 

The reference numbers given to the features of filter 14 will be used for the 
corresponding features of the filters 16,18,20. 
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The filters 14,16,18,20 are connected between first and second manifolds 32,34, 
shown schematically by dotted outlines. As shown in Figure 1, the first manifold 32 
lies below the filters 14,16,18,10 and the second manifold 34 lies above the filters 
14,16,18,20. The first manifold 32 has a single inlet 36 and four outlets 38,40,42,44. 
One of the outlets 38 is provided with a valve 46 that is switchable between open and 
closed positions. 

The outlet 38 provided with the valve 46 is connected to the liquid inlet 26 of filter 14. 
The remainder of the outlets 40,42,44 of the first manifold 32 are connected to 
respective ones of the liquid inlets 26 of the filters 16,18,20. 



The second manifold(34;has four inlets 48^50,52,54. The inlet 48 is provided with a 
valve 56. The valve 56 is a butterfly valve that has been adapted by drilling holes of 
predetermined diameter in the valve blade. The arrangement is such that when the 
valve blade is open liquid can flow through the valve 56 readily and when the valve 
blade is closed, there is a restricted flow of liquid through the holes drilled in the valve 
blade. 

The inlet 48 of the second manifold 34 that is provided with the valve 56 is connected 
to the liquid outlet 28 of the filter 14. The remaining inlets 50,52,54 of the second 
manifold 34 are connected to respective fluid outlets 28 of the remaining filters 
16,18,20. 
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The second manifold 34 has a first outlet 58 for passing fluid back to the first 
manifold 32, as described below, and a second outlet 60 for passing liquid to the 
unfiltered liquid tank 10. The second outlet 60 is provided with a valve 62 which is 
switchable between open and closed positions. 

The second manifold 34 is also provided with a vent 64 leading to the atmosphere and 
provided with a valve 66 which is switchable between an open and a closed position. 

The system also comprises a third manifold 68 and a fourth manifold 70 which are 
shown schematically in Figure 1 in dotted outline. The third manifold 68 has first, 
second, third and fourth inlets (not shown) and a single outlet 72. The third manifold 
68 also has a valve 74 switchable between an open position in which all the inlets are 
connected to the outlet 72 and a closed position, in which the first inlet remains 
connected to the outlet 72 and the second, third and fourth inlets are isolated from the 
outlet 72. 

The first inlet of the third manifold 68 is connected to the upper one of the liquid 
outlets 30 in the cylindrical casing 22 of the filter 14. Each of the second, third and 
fourth inlets of the third manifold is connected to a respective one of the upper liquid 
outlets 30 in the filters 16,1 8,20. The outlet 72 of the third manifold 68 is connected 
to a line 76 leading to the filtered liquid tank 12. 
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The fourth manifold 70 is similar to the third manifold 68 having first, second, third 
and fourth inlets (not shown) and a single outlet 78. A valve 80 is provided in the 
fourth manifold 70 and, as per the valve 74, serves to connect or isolate the second, 
third and fourth inlets of the fourth manifold 70 to/from the fourth manifold outlet 78. 
5 The first inlet of the fourth manifold 70 remains connected to the outlet 78 
independently of the operation of the valve 80. 

The first inlet of the fourth manifold 70 is connected to the lower one of the liquid 
outlets 30 of the filter 14. Each of the second, third and fourth inlets of the fourth 
manifold 70 is connected to a respective one of the lower liquid outlets 30 of the 
filters 16,1 8,20. The fourth manifold outlet 78 is connected to the line 76. 

A first feedline 82 provided with a valve 84 connects the unfiltered liquid tank 10 to 
the inlet of a first pump 86. A second feedline 88 provided with a valve 90 connects 
the outlet of the first pump 86 to the inlet of a second pump 92. The outlet of the 
second pump 92 is connected to the inlet 36 of the first manifold 32. 




Each of the valves 84,90 is switchable between open and closed positions. 



20 



Typically, the first and second pumps 86,92 are such that the second pump 92 pumps 
liquid with a throughput approximately ten times greater than that of the first pump 
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86. The volume of the liquid held within the second pump 92 is greater than that held 
within the first pump 86. 

The system also comprises a first bypass 94 that extends from the second feedline 88, 
from a point between the valve 90 and the second pump 92, to the first feedline 82, 
to a point between the valve 84 and the first pump 86. The first bypass 94 is provided 
with a valve 96 that is switchable between open and closed positions. 

A second bypass 98 extends from the second feedline 88, from a point between the 
first pump 86 and the valve 90 to the outlet 38 of the first manifold 32, at a point 
between the valve 46 and the fluid inlet 26 of the filter 14. 

The second bypass 98 has a valve 100 that is switchable between open and closed 
positions. 

The bypasses 94,98 are formed of small bore pipe. 

In operation, the filtration system is used to filter wine to remove sediment from the 
wine. The system operates in two stages, as described below. 
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In the first stage, the valves 96,100 in the first and second bypasses 94,98 and the 
. valve 66 in the vent 64 are closed. The remaining valves 84,90,46,56,74,80 and 62 
are open. 

Wine to be filtered is placed in the unfiltered liquid tank 10 and passes from the tank 
10 to the first pump 86 via the first feedline 82. The first pump 86 pumps the wine 
along the. second feedline 88 to the second pump 92. The second pump 92 pumps 
wine into the first manifold 32 via the manifold inlet 36. 

Wine passes through each of the outlets 38,40,42,44 of the first manifold 32 into the 
corresponding fluid inlets 26 of the filters 14,16,18,20. With reference to Figure 2, 
wine then passes, in each filter 14,16,18,20, through the interior of the cylindrical 
filter medium 24 to the fluid outlet 28 of the filter 1 4, 1 6, 1 8,20. 



Hence, in each filter, 14,16,18,20, the interior 101 of the cylindrical filter medium^24 



acts as a flowpath by which unfiltered wine passes through the filter 14,16,18,20. In 
each filter 14,16, 1 8,20 a portion of the unfiltered wine entering the filter at the fluid 
inlet 26 passes from this flowpath across the filter medium 24 to the annular space 3 1 
outside the filter medium. Wine that has passed across the filter medium 24 is 
relatively free of sediment, the sediment largely remaining in the flowpath formed by 
the interior 101 of the filter medium 24. 
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Filtration in this manner (the fluid to be filtered being passed over a filtration medium 
so that a portion of the fluid passes across the medium so as to be filtered and the 
remainder of the fluid passes along the filter medium to an outlet) is well known and 
referred to as tangential filtration. Tangential filtration includes tangential filtration 
in filters which have no moving parts and filters which do have moving parts, i.e. 
dynamic filters. 

r 

Unfiltered wine (and sediment removed from the filtered wine) passes out of the 
filters 14,16,18,20 via the fluid outlets 28 into the inlets 48,50,52,54 of the second 
manifold 34. The majority of the wine passing into the second manifold 34 passes via 
the first outlet 58 of the second manifold 32 to the second feedline 88 and so back to 
the inlet of the second pump 92. 

A small portion of the wine from the second manifold 34 passes via the second outlet 
60 to the unfiltered liquid tank 10 for a purpose described below. 

It will be appreciated that the second pump 92, the first manifold 32, the interior of 
the filter media 24, the second manifold 34 (including the inlets 48,50,52,54, the first 
outlet 58 but excluding the second outlet 60) and a small portion of the second 
feedline 88 (between the first outlet 58 and the second pump 92) form a first 
continuous flowpath for unfiltered wine. Once the components of this continuous 
flowpath have been primed with wine, the second pump 92 serves largely to circulate 
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the wine around this flowpath. During this circulation, wine continuously passes 
across the filter media 24, so as to be filtered, and collects in the annular spaces 3 1 of 
the filters 14, 1 6, 1 8,20. Wine passes from the annular spaces, through the upper and 
lower liquid outlets 30 into the inlets of the third and fourth manifolds 68,70 and from 
the outlets 72,78 of the third and fourth manifold 68,70 to the filtered liquid tank 12 
via the line 76. 

Clearly, as wine is filtered by the filters 14,16,18,20, wine is lost from the first 
continuous flowpath referred to above. Additionally, wine is lost from this flowpath 
via the outlet 60 of the second manifold 34. Wine lost from the first continuous 
flowpath is replaced by wine from the unfiltered liquid tank 10 which passes into the 
first continuous flowpath via the first feedline 82, the first pump 86 and the second 
feedline 88, in response to the loss due to the filtration and the loss via the outlet 60. 

The first punn/86 also serves to maintain a constant, predetermined pressure at the 
inlet of the second pump 92* Wine leaving the second pump 92 is at a greater pressure 
(generally 2.0-2.5 bar), suitable for efficient functioning of the filters 14,16,18,20. 

As the sediment from the filtered wine is largely retained in the continuous flowpath, 
the concentration of the sediment in the continuous flowpath increases. The increase 
in concentration can be detrimental to efficient filtration. The passage of a portion of 
the wine from the continuous flowpath back to the unfiltered liquid tank 10 via the 
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second outlet 60 of the second manifold 34 helps to slow the rate of increase of 
concentration of this sediment in the continuous flowpath. The volume of wine 
leaving the continuous flowpath via the second outlet 60 is generally two to four times 
the volume of wine that leaves the flowpath as filtered wine. As mentioned above, the 
volume of unfiltered wine passed to the continuous flowpath from the unfiltered liquid 
tank 10 corresponds to the sum of the volume of the filtered wine and the volume of 
unfiltered wine leaving the continuous flowpath via the second outlet 60 and thus the 
bleeding of unfiltered wine from the continuous flowpath via the second outlet 60 
results in the passage of a greater volume of wine (having a relatively low sediment 
concentration) from the unfiltered liquid tank 10 to the continuous flowpath. 

During the first stage of operation, as described above, wine does not flow through the 
first and second bypasses 94,98 as these bypasses are closed by the valves 96,100. 

Circulation of unfiltered wine around the continuous flowpath continues until the 
unfiltered liquid tank 10 is empty. At this stage, as it is no longer possible to replenish 
the wine in the continuous flowpath, flow around the flowpath ceases. However, a 
significant volume of unfiltered wine remains in the first and second manifolds 32,34, 
in the second pump 92 and in the interiors of the filter media 24. It is clearly desirable 
to filter as much of this remaining wine as possible, so as to maximize the yield of 
filtered wine. 
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In order to filter at least part of the remaining wine the system is operated in a second 
stage. It will be appreciated that by using suitable sensors and automati c con trols for 



opening and closing the valves, the second stage operation can be performed 
immediately after circulation around the continuous flowpath ceases. 

In the second stage, the valves 96,100 in the first and second bypasses 94,98 are 
opened. Additionally, the valve 66 in the vent 64 is opened. The remaining valves, 
84,90,46,56,74,80 and 62 are closed. The second pump 92 is turned off and the first 
pump 96 remains functioning. 

Making reference to Figure 1, unfiltered wine from the second pump 92 and from the 
portion of the second feedline 88 between the valve 90 and the second pump 92 passes 
through the first bypass 94 to the inlet of the first pump 86 and is pumped via the first 
pump 86 through the second bypass 98. The wine then passes into the filter 14 
through the fluid inlet 26 and through the flowpath formed by the interior 101 of the 
filter medium 24 of the filter 14 to the filter outlet 28 of this filter 14. Unfiltered wine 
then passes through the valve 56. 




As described above, the valve 56 is closed but is provided with holes through the 
valve blade. The holes allow a restricted flow of the wine through the valve 56. The 
restriction in flow of wine through the valve 56 acts to increase the pressure within the 
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interior 101 of the filter medium 24 of the filter 14, thereby aiding filtration through 
the filter medium 24. 

The majority of wine passing through the valve 56 will then flow through the first 
outlet 58 of the second manifold 34 back to the first bypass 94. A small portion of the 
wine passing through the valve 56 may pass into the filters 1 6,1 8,20. 

During this process, unfiltered wine in the inlets 50,52,54 of the second manifold 34, 
in the interiors 101 of the filter media 24 of the filters 16,18,20 and in the first 
manifold 32 passes into and through the second pump 92 (under gravity) so as to be 
pumped through the filter 14 via the first and second bypasses 94,98, as described 
above. The vent 64 admits air to facilitate this. 

It will be appreciated that the first bypass 94, part of the first feedline 82 (leading 
between the first bypass 94 and the first pump 86), the first pump 86, a portion of the 
second feedline 88 (leading between the first pump 86 and the second bypass 98), the 
second bypass 98, the interior 101 of the filter medium 24 of the filter 14, the inlet 48 
of the second manifold 34, the first outlet 58 of the second manifold 34 and another 
portion of the second feedline 88 (from the outlet 58 to the first bypass 94) form a 
second continuous flowpath. After the components of the second continuous flowpath 
have been primed (if necessary), the first pump 86 circulates unfiltered wine around 
this second continuous flowpath. As wine is lost from this second continuous 



WO 00/18497 PCT/EP99/06424 

17 

flowpalh, either by filtration across the filter medium 24 of the filter 14 or by passage 
into the filters 16,18,20, this wine is replaced by wine in the second pump 92, in the 
first manifold 32 and in the interiors of the filter media 24 of the filters 16,18,20. 
Thus, in the second stage of operation, the first manifold 32, the second pump 92 and 
the interiors of the filter media 24 of the filters 16,18,20 (which are included in the 
first but not in the second continuous flowpath) act in the same way, as a reservoir, 
as the unfiltered liquid tank 10 acts in the first stage of operation. In other words, 
wine passes from the first manifold 32, the second pump 92 and the interiors of the 
filter media 24 of the filters 16,18,20 to the second continuous flowpath in response 
to loss (including loss by filtration) of wine from the second continuous flowpath. 

The volume of this second continuous flowpath, as described above, is considerably 
less than the volume of the continuous flowpath (described above) of the first stage. 
This is because the first and second bypasses 94,98 are formed by narrow bore pipes 
and because the second continuous flowpath does not include the first manifold 32, 
the interiors of the filter media 24 of the filters 16,18,20, or the second pump 92. 
Each of these excluded components has a relatively large volume. 

Circulation around the second continuous flowpath will continue until the second 
pump 92, the first manifold 32 and the interiors of the filter media 24 of the filters 
16,18,20 have been emptied of wine. (The relative heights of the components of the 
filtration system are chosen to allow complete emptying of the interiors 101 of the 
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filters 16,18,20, of the first manifold 32 and of the second pump 92.) Circulation of 
wine around the second continuous flowpath will stop shortly thereafter. 

There will, of course, be a volume of wine remaining in the second continuous 
flowpath after circulation has ceased. However, as the volume of the second 
continuous flowpath is considerably less than that of the continuous flowpath of the 
first stage, the volume of remaining unfiltered wine after the second stage will be 
considerably less than the volume of unfiltered wine remaining after the first stage. 
For example, the volume of wine remaining after the first stage may be approximately 
470-500 litres, whereas the volume of wine remaining after the second stage may be 
approximately 50 litres or less. 

Wine filtered by the filter 14 during the second stage collects in the annular space 3 1 
of the filter 14, passes through the upper and lower liquid outlets 30 into the third and 
fourth manifolds 68,70 and passes from the manifolds 68,70 into the line 76 to the 
filtered fluid tank 12. As the valves 74,80 are closed, the parts of the second and third 
manifold 68,70 serving the filters 1 6, 1 8,20 are isolated from the first inlets of the third 
and fourth manifolds 68,70 and from the outlets 72,78 of the third and fourth 
manifolds 68,70. 



The system has a number of advantages. 
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Firstly, the unfiltered wine remaining in the continuous flowpath after the first stage 
is partly filtered during the second stage without the need for a separate filtration 
system. 

Secondly, the time and extra handling involved in transferring unfiltered wine to a 
separate filtration system are avoided. 

Thirdly, the manifolds can have large cross-sectional areas, as they are not included 
in the second continuous flowpath. This decreases friction and heat generation during 
circulation in the first stage. 

A second filtration system is shown in Figure 3. Features of the second filtration 
system that are common to the first filtration system described above and the second 
filtration system are not described in detail below and will be given the same reference 
numerals as the corresponding features of the first filtration system. 

The second filtration system is structurally identical to the first filtration system with 
two exceptions. 

The first exception is that, in place of the valve 56 of the first filtration system, the 
second filtration system has a butterfly valve 102 that has a single hole drilled through 
its valve blade. The arrangement is such that when the butterfly valve 102 is open, 
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liquid can flow through the valve 102 readily (as for the valve 56 of the first system). 
When the butterfly valve 102 is closed, the single hole in the valve blade allows a 
flow of liquid through the valve 102 that corresponds to about 10% of the liquid flow 
permitted by the several holes of the valve 56 of the first filtration system when the 
valve 56 is closed. 

The second exception is that a third bypass 103 is connected between the first bypass 
94 and the portion of the inlet 48 between the filter 14 and the butterfly valve 102. 
The connection between the third bypass 103 and the first bypass 94 is permanently 
open. The connection between the third bypass 103 and the inlet 48 is closed when 
the butterfly valve 102 is open and open when the butterfly valve 102 is closed. The 
third bypass 1 03 is as short as possible and has a smaller bore than the first outlet 58 
of the second manifold 34. 

In operation, as for the first filtration system, the second filtration system is used to 
filter wine to remove sediment from the wine. The second filtration system also 
operates in two stages. The first operational stage of the second filtration system is 
similar to the first operational stage of the first filtration system - the butterfly valve 
102 being open (corresponding to the valve 56 of the first filtration system being open 
during the first operational stage of the first filtration system). As the butterfly valve 
102 is open, the connection between the inlet 48 and the third bypass 103 is closed 
and no flow through the third bypass 103 occurs. 
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Hence, during the first operational stage of the second filtration system, the second 
pump 92, the first manifold 32, the interior of the filter media 24, the second manifold 
34 (including the inlets 48,50,52,54, the first outlet 58 but excluding the second outlet 
60) and a small portion of the second feedline 88 (between the first outlet 58 and the 
second pump 92) form a first continuous flowpath for unfiltered wine. As wine is lost 
from this continuous flowpath by filtration and via the outlet 60 of the second 
manifold, it is replaced by wine from the unfiltered liquid tank 10 (as for the first 
operational stage of the first filtration system). The first operational stage ends once 
the unfiltered liquid tank 10 has emptied. 

The second operational stage then starts. 

In the second stage, the valves 96,100 in the first and second bypasses 94,98 are 
opened. Additionally, the valve 66 in the vent 64 is opened. The butterfly valve 102 
and the remaining valves, 84,90,46,74,80 and 62 are closed. The second pump 92 is 
turned off and the first pump 96 remains functioning. 

Making reference to Figure 3, unfiltered wine from the second pump 92 and from the 
portion of the second feedline 88 between the valve 90 and the second pump 92 (the 
second pump 92 and the portion in turn being fed with wine from the first manifold 
32 and the first outlet 58 of the second manifold 34) passes through the first bypass 
94 to the inlet ofthe first pump 86 and is pumped via the first pump 86 through the 
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second bypass 98. During this process wine does not enter, or enters only to a small 
extent, the third bypass 103. The wine then passes into the filter 14, through the fluid 
inlet 26, and through the flowpath formed by the interior 101 of the filter medium 24 
of the filter 14 to the filter outlet 28 of this filter 14. Unfiltered wine then passes from 
the filter 14 to the third bypass 103 and to the butterfly valve 102. 

As described above, the butterfly 102 is closed but is provided with a single hole 
through the valve blade. The hole allows about 1 0% of the unfiltered wine passing 
from the filter 14 to pass through the valve 102 so as to enter the first outlet 58 of the 
second manifold 34 and the filters 16,18,20 via the inlets 50,52,54 of the second 
manifold 34. The remainder of the unfiltered wine passing from the filter 14 (about 
90%) passes through the third bypass 103 back to the first bypass 94. 

It will be appreciated that part of the first bypass 94, (extending between the third 
bypass 103 and the first feedline 82), part of the first feedline 82 (leading between the 
first bypass 94 and the first pump 86), the first pump 86, a portion of the second 
feedline 88 (leading between the first pump 86 and the second bypass 98), the second 
bypass 98, the interior 1 0 1 of the filter medium 24 of the filter 14, part of the inlet 48 
of the second manifold 34, (leading between the filter 14 and the third bypass 103), 
and the third bypass 103 form a second continuous flowpath. After the components 
of the second continuous flowpath have been primed (to the extent that this is 
necessary), the first pump 86 circulates unfiltered wine around the second continuous 
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flowpath. As wine is lost from the second continuous flowpath (either by filtration 
across the filter medium 24 of the filter 14 or by passage through the hole in the valve 
blade of the valve 102 into the filters 16,18,20 or into the first outlet 58), this wine is 
replaced by wine in the second pump 92, in the first manifold 32, in the interiors of 
the filter media 24 of the filters 16,18,20 and in the first outlet 58 of the second 
manifold 34. Thus, in the second stage of operation, the first manifold 32, the second 
pump 92, the interiors of the filter media 24 of the filters 1 6, 1 8,20 and the first outlet 
58 of the second manifold 34 act in the same way (as a reservoir) as the unfiltered 
liquid tank 10 acts in the first stage of operation. 

The volume of the second continuous flowpath (as described above) of the second 
filtration system is considerably less than the volume of the second continuous 
flowpath (described above) of the second operational stage of the first filtration 
system. This is because the third bypass 103 has a narrower bore than the first outlet 
58 of the second manifold 34 (which forms part of the second continuous flowpath of 
the first filtration system and which is replaced in the second continuous flowpath of 
the second filtration system by the third bypass 103). 

Circulation around the second continuous flowpath will continue until the second 
pump 92, the first manifold 32, the interiors of the filter media 24 of the filters 
16,18,20 and the first outlet 58 of the second manifold 34 have been emptied of wine. 
(The relative heights of the components of the filtration system are chosen to allow 
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complete emptying of these components.) Circulation of wine around the second 
continuous flowpath will stop shortly thereafter. 

There will, of course, be a volume of wine remaining in the second continuous 
flowpath after circulation has ceased. This may be as low as 10 litres in total. Hence, 
the use of the third bypass 103 allows the amount of residual wine to be reduced even 
further. 

Wine filtered by the filter 14 during the second stage passes to the filtered fluid tank 
12 as for the second operational stage of the first filtration system. 

The first and second filtration systems need not be used to filter wine, any suitable 
liquid may be filtered. The systems may also be adapted to filter gases. 

It will be appreciated that the first and second filtration systems may be adapted in 
many different ways. For example, the systems may use any plural number of filters. 
Where more than two filters are used, fluid is preferably passed through two or more, 
but not all, of the filters during the second stage. 

Whereas, in the systems described above, liquid circulates from a lower manifold up 
through the filters 14,16, 1 8,20 to an upper manifold in the first stages and upwardly 
through the filter 14 in the second stages, this need not be the case. In either the first 
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and/or the second stage of either the first or second filtration system liquid (or gas) 
may pass downwardly through the filters. 

The filters 14,16,18,20 described above are tangential filters with no moving 
components. However, dynamic filters utilizing tangential flow may also be used. 
Such dynamic filters may include a cylindrical filter medium arranged concentrically 
with a non-filtering cylinder such that the filter medium lies closely adjacent to the 
non-filtering cylinder. The filter medium and the non-filtering cylinder rotate relative 
to one another and fluid flows between the filtration medium and the non-filtering 
cylinder. Filtration is tangential across the filter medium. Other dynamic filters 
which may utilize tangential flow include those disclosed in International Publications 
Nos. WO95/00231, WO97/02087, W097/13571. 

Alternatively, the system may use a single filter housing a filter medium. As fluid is 
circulated around the first continuous flowpath, the fluid passes through the filter and 
contacts the whole area of the filter medium. As fluid is circulated around the second 
continuous flowpath it may pass through the filter in the same way as for the first 
continuous flowpath or it may pass through part of the filter so as to contact only a 
part of the filter medium. 
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Alternatively, the first and second continuous flowpaths may be associated with 
separate filtration means and have no common filtration means. In this case the first 
and second continuous flowpaths need not have any common part. 

Filtration of fluid circulating around either continuous flowpaths need not be 
tangential filtration. Any type of filtration in which fluid circulating around a 
flowpath leaves the flowpath on filtration may be used. 



